Introduction
propose to decrease the annual limit of dose equivalent for the general public to 1 mSv. Many members of civil aircrafts regularly exceed this limit and the new document mentioned recommends to include them among occupational exposed workers. Many studies have been carried out since 1991 to improve the knowledge concerning the aircraft exposures (Reitz et al. Eds, 1993; Hôfert and Stevenson, 1994; Spurny and Votocková, 1994) .
F. SPURNY et al.
This work presents and analyses the results of studies performed on board subsonic aircrafts during the flights Prague -Abu Dhabi -Bangkok, resp. Bangkok -Abu Dhabi -Prague. They are compared with results obtained during the flights Prague -Montreal, resp. Montreal -Prague, roughly in the same period (February 1995 for both) . Conclusions concerning the influence of geographical parameters on the aircrew exposure levels are formulated.
Experimental

Dosimeters used
The dosimeter system used has been already described in our previous contribution concerning Prague -Montreal -Prague flights (Spurny et al, 1996) . We will only remind that the following instruments or detectors have been used:
Active measuring equipment
• tissue equivalent proportional counter NAUSICAA (Nguyen et al, 1985; Bousset and Nguyen, 1992) to characterize the radiation with linear energy transfer between 0.15 and 1 500 keV per um;
• moderator type neutron dose equivalent meter NM2 (Anderson and Braun, 1964) ;
• a radiometer RP114 constructed on the base of GM counters to measure low LET radiation environmental dose rates (Radiometer RP114, 1992) ; and
• two types of individual electronic personal dosemeters based or on small Sidiode (Merlin Gerin, France), or on a small GM counter (ZMA Ostrov, Czech Republic).
Passive detectors
• thermoluminescent CaS04:Dy detector produced in the laboratory (Guelev et al, 1994) to characterize the low LET component of radiation;
• track-etch detectors (CR39 of Pershore (Spurny et al, 1993) ) to characte rize neutron component; and
• bubble damage neutron detectors (BD100R and PND from BTI Chalk River) (Ing, 1991) ; with nominal sensitivities 1 bubble per 1 u.Sv (7/*(10)) of AmBe neutrons.
Low LET radiation measuring instruments have been calibrated by 60Co photons; high LET radiation measuring instruments have been calibrated using 252Cf neutrons. The responses has been always expressed in terms of ambient dose equivalent //*(10).
Results
NAUSICAA TEPC -counter results
Flight from Prague to Abu Dhabi had been effected at the constant flight altitude 37 000 feet (flight time 5.5 hours); from Abu Dhabi to Bangkok at the same level during the same flight time. The return flight had been effected at the flight level 33 000 feet between Bangkok and Abu Dhabi (flight time 6.4 hours), and at three different levels (33 000 feet -2.8 hours; 37 000 feet -1.1 hours; and 31 000 feet -2.5 hours) between Abu Dhabi and Prague. The measurements with NAUSICAA have been repeated with a 10 minutes reading cycle. While the readings between Abud Dhabi and Bangkok were at the same constant flight level, between Prague and Abu Dhabi they have changed even at the same flight altitude. Typical example is for statistically more reliable low LET component of the radiation on board shown in Figure 1 . One can see there that the radiation level decreases when leaving Prague, the most important changes taking place up to Damascus. The same behaviour has been observed for the return flight and it was also observed in our previous work (Reitz et al. Eds, 1993; Spurny and Votocková, 1994) . Such behaviour is connected with the influence of the Earth's magnetic field on the ability of cosmic rays to penetrate in the Earths'atmosphere (Reitz, 1993) . It is predicted that the decrease of exposure starts at about 3 GV of geomagnetic rigidity (Prague position ~ 4 GV) and it is practically finished at about 11 GV (Damascus position ~ 11 GV) (Reitz, 1993) . We tried to analyze this decrease taking into account the data measured for the low LET component. We found that the decrease of exposure level for low LET radiation between Prague and Damascus is characterized by a factor 3 to 4 (± 15 %) depending on the set of data taken into account.
As far as the lineal energy event spectra are concerned, their general shapes have been similar for all flight altitudes and also similar to the spectra measured previously during Prague -Montreal flights (Spurny et al, 1996) . The relative importance of high LET part of spectra has been, however, a little less important RADIOPROTECTION -VOL. 31 -N° 2 (1996) 275 
Flight routes studied
Two on-board studies are presented and discussed in this work:
• the study performed during the flight Prague -Abu Dhabi -Bangkok on the 19th of February 1995, and • the study performed during the flight Bangkok -Abu Dhabi -Prague on the 26th of February.
On board flight data for both notes have been available. Let us remind the geographical positions of Prague (50°N, 14°E), Abu Dhabi (25°N, 54°E) and Bangkok (13°N, 101 °E). The level of cosmic radiation was at the period of both flights practically the same as during the flight to Montreal (Spurny et al, 1996) , about 2 % higher than the average value during all the 1994 year.
in equatorial regions. The average quality factor established here is (1.65 ± 0,09) comparing to (1.80 ± 0,07) for northern routes. It corresponds well to the pre diction that the decrease of exposure due to high LET (neutron) component would be even more important than due to low LET component (Reitz, 1993) . Table I .
Exposure levels measured with other instruments
Also the results of measurements with other active instruments have shown the same tendencies, i.e. the decrease of the rate values between Prague and Damascus, and the constancy of them afterwards up to Bangkok; at the constant flight level, of course. The values averaged over each of the four flights are for some of dosimetric characteristics presented in Table II , together with values deduced from NAUSICAA results. (1) Low : < 3.5 keV um-1 ; High : > 3.5 keV um-1 . (2) Average value from three levels (10.1 ; 11.3 ; resp. 9.5 km). One can see there that:
• the ratio of the reading of low LET component measuring instruments is equal to (0.96 ± 0.14), i.e. small overreading of NAUSICAA observed previously is not confirmed (Spurny et ai, 1996) ;
• the ratio of the reading of high LET (neutron) component measurements is equal to (1.8 ± 0.1), i.e. is practically the same as observed at northern routes (2.1 ± 0.3) (Spurny et ai, 1996) .
Integral values of exposure
Other detector tested provided directly the apparent integral values of expo sure; flight profiles known have permitted to estimate the apparent dose equiva lents from rate values measured by active instruments. The apparent values (i.e. in H*(10) of reference radiation) have been converted to the H*(10) due to on board radiation using a correction factor of 1.25 for low LET radiation measu ring instruments other than NAUSICAA, using a correction factor of 2.00 for high LET (neutron) measuring instruments, again others than NAUSICAA. The values of these factors are explained in a previous work (Spurny et al., 1996) . The results obtained are presented in Table III . 
GEOGRAPHICAL INFLUENCE ON THE RADIATION EXPOSURE OF AN AIRCREW
One can see in Table III that: a) There is a reasonable agreement of most of the values read and/or correc ted in the case of high LET (neutron) radiation. It should be however stated that the accuracy of most of them is not the best. This is reasonable because the signal for some of detectors is already comparable with the electronic back ground (NM2, NAUSICAA); for other ones (BDND's), it is statistically not too reliable (10 to 30 events at all).
b) The agreement is less satisfactory for low LET radiation devices and detectors. First, as already mentioned, the DMC90 readings are regularly lower, probably due to differences in energy transfer coefficients (Spurny et al, 1996) . The secondly, the readings of RP114 and D222 are, after applying the correction factor of 1.25, regularly higher than NAUSICAA results. It is not evident why this factor should not be the same for equatorial regions as for northern routes (Spurny et al, 1996) . Nevertheless, it should be stressed that the accuracy of all results is, as for high LET and for the same reasons, also not the best.
Conclusions
The general conclusions from the analysis of data are:
1) The influence of geographical position on the level of aircraft exposure is important. As an example, it is possible to compare the integral dose equivalent during the flights Montreal -Prague and Bangkok -Abu Dhabi. The time of flight was practically the same, the average flight altitude was 10.5 km for the northern route, 10.1 km for the equatorial one. However the low LET dose equi valent was about 4 times higher for northern route, and high LET part even 5 times. A slightly smaller difference can be seen also when comparing the nor thern route levels to Prague -Abu Dhabi flights (about two times for rate values).
2) It should be stressed that this influence is not equally distributed over the world. When one analyzes the geometric rigidity map (see Fig. 2 ), the "nor thern" situation (i.e. with the rigidity below about 4 GV) is typical for Northern America, Europe, typical trans-Atlantic and polar routes. On the other hand Africa, The Southern America and the most populated areas of Asia are closer tot the "equatorial" situation.
3) As far as the characteristics of the exposure level in general are concerned, the conclusions concerning the influence of other factors (altitude, solar cycle influence, variations of exposure for the same route) formulated in our previous works are also valid. It should be added that all these factors are due to much lower exposure levels, which are much less important for the total exposure of aircraft members.
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